Background: Subclinical hypothyroidism (SCH) is a common disorder which has adverse cardiovascular effects. Epicardial adipose tissue (EAT), a novel marker of cardiovascular risk, is increased in SCH.
INTRODUCTION
Subclinical hypothyroidism (SCH) is defined as normal serum levels of free thyroxine (fT4) and increased serum levels of thyroid stimulating hormone (TSH) [1] . The prevalence of SCH has been reported to be between 3% and 18% in adults [1] . The prevalence increases with age and is higher in women [1] . The necessity of thyroid hormone replacement therapy (THRT) in patients with SCH is controversial [2] . SCH is an insidious disease in that it is generally asymptomatic, yet it is associated with deleterious effects on the cardiovascular system. Among these, arterial stiffness and cardiac diastolic dysfunction [3] , endothelial dysfunction [4] , increased carotid intima-media thickness [5] , coronary artery disease (CAD), and CAD related death [6] are the most prominent. Mechanisms linking SCH to cardiovascular disease include dyslipidaemia and oxidative stress [5, 7] .
Epicardial adipose tissue (EAT), a specialised visceral adipose tissue, produces numerous proinflammatory and proatherogenic mediators that promote initiation and progression of coronary atherosclerosis [7] . Increased EAT is related to the presence and angiographic severity of CAD [8] and coronary plaque vulnerability [9] , and independently predicts major adverse cardiovascular events (MACE) [10] .
The reports concerning EAT thickness in patients with SCH are somewhat conflicting: while EAT thickness was pre-viously reported to be increased in patients with SCH when compared to euthyroid controls [11] [12] [13] , a recent study did not find any such difference, and EAT thickness was not associated with cardiovascular risk in SCH patients [14] .
To the best of our knowledge, there is only one published study that demonstrated reduction in EAT thickness in response to restoration of the euthyroid status with THRT in patients with SCH [15] .
In this study, we aimed to test and verify the hypotheses that: (1) EAT thickness is increased in patients with SCH, when compared to healthy euthyroid controls; (2) the thickening of the EAT may be alleviated by restoring the euthyroid status with THRT in patients with SCH.
METHODS

Study population
In this study, 55 consecutive patients diagnosed with SCH, who were referred from the Endocrinology Department to the Cardiology Department, were screened. The study was performed in a single tertiary centre. All of the patients underwent transthoracic echocardiography as part of a clinical cardiovascular evaluation in order to rule out possible cardiac involvement of SCH. Eleven patients were excluded due to the presence of the following exclusion criteria: use of statins or any other lipid lowering drug (n = 5), pericardial effusion (n = 2), severe valvular pathology (n = 2), and poor echocardiographic imaging quality (n = 2). The remaining 44 patients constituted the patient group. The diagnostic criteria of SCH were the following: serum TSH level > 5 µlU/mL with normal fT4 and free triiodothyronine (fT3), no medication effecting thyroid status (amiodarone, lithium, recombinant human TSH injections), and no disorder without hypothyroidism. ETA guidelines recommend repeating the thyroid function tests at least three months apart to make a firm diagnosis [16] . Eligible subjects (n = 44) entered a three-month run-in period, during which they did not receive L-thyroxine treatment or any other medications effecting thyroid status. At the end of the run-in period thyroid function tests (TFTs) were rechecked along with anti-TPO and anti-TG antibodies. The most common cause of SCH was considered to be chronic autoimmune thyroiditis (Hashimoto's thyroiditis) associated with anti-TPO antibodies in our patient group (n = 40, 90%). Another cause was considered to be subacute thyroiditis (n = 4, 10%). Forty-two age-and sex-matched healthy euthyroid subjects constituted the control group.
This study was conducted in accordance with the recommendations of the Declaration of Helsinki on Biomedical Research involving human subjects. The study protocol was approved by the institutional ethics committee. Written informed consent was obtained from each participant. 
Baseline characteristics
Laboratory assessment
Fasting blood samples were obtained before baseline echocardiography. Complete blood count (Cell-Dyn 3700, Abbott Diagnostics, USA), serum biochemistry, and lipid parameters (UniCell DxC 800, Beckman Coulter, USA) were evaluated. Serum fT3, fT4, and TSH levels were determined using the ELISA method (Architect i2000sr, Abbott Diagnostics, USA). Serum fT3, fT4, and TSH levels were determined before, during, and after THRT in the SCH group. The normal level of fT4 was taken to be 0.8-1.8 ng/dL, fT3 -1.71-4.0 pg/mL and that of TSH -0.35-5.0 µlU/mL.
Echocardiography
All echocardiographic measurements were performed by the same cardiologist, who was blinded to the patient's biochemical results and clinical information, using a VIVID 7 Pro system (GE, Horten, Norway) with a 2.5-3.5 MHz transducer. Parasternal and apical views were obtained according to the recommendations of the American Society of Echocardiography [17] . EAT thickness was measured from the standard parasternal long axis view on the free wall of the right ventricle perpendicular to the aortic annulus at end-systole [18] . EAT was identified as the echo free space between the outmost border of the myocardium and the visceral layer of the pericardium. The thickest point of EAT was measured in each cycle and the average value of measurements obtained at three cardiac cycles was calculated (Fig. 1 ). Left ventricular ]) was calculated using the Devereux formula [19] . Intraobserver variability for EAT thickness was computed as 3.9%.
Thyroid hormone replacement therapy
At the end of run-in period TFTs rechecked along with anti-TPO and anti-TG antibodies. Patients with persistent SCH with TSH > 10 µlU/mL and SCH with TSH between 5 and 10 µlU/mL but who had progressive TSH increase, goitre, antithyroid antibodies positivity, and clinical symptoms of hypothyroidism were initiated L-thyroxine treatment (Levotiron 0.1 mg, Abdi Ibrahim, Istanbul, Turkey). The dose was titrated up every 15 days to a level that achieved and maintained a normal TSH level. The mean L-thyroxine dosage was 31.3 ± 14.4 µg. After three months of THRT, thyroid status was reassessed and it was confirmed that the euthyroid status was maintained. Transthoracic echocardiography was also performed again in order to measure the EAT thickness after restoration of the euthyroid status.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation; categorical variables were defined as numbers and percentages. The data were tested for normal distribution using the Kolmogorov-Smirnov test. For continuous variables, mean values were compared with the ANOVA test among different groups. The c 2 test was used for the comparison of categorical variables among the groups.
An optimal cut-off value of serum TSH level for the detection of increased (i.e. greater than median value) EAT thickness was determined by receiver operating characteristics (ROC) analysis, and area under curve (AUC) values were calculated. All tests of significance were two-tailed. Statistical significance was defined as p < 0.05. The SPSS statistical software (SPSS 20.0 for Windows, Inc., Chicago, IL, USA) was used for all statistical calculations.
RESULTS
There were no significant differences between the SCH group and the control group with respect to sex, age, and anthropometric measurements including WC and BMI. As expected, mean serum TSH level was higher and fT3 and fT4 levels were lower in the SCH group. Mean serum total cholesterol and triglyceride levels were higher and HDL cholesterol level was lower in the SCH group. Baseline characteristics are presented in Table 1 .
At baseline, mean EAT thickness was significantly greater in the SCH group when compared to the control group (6.3 ± 1.7 mm vs. 4.1 ± 0.9 mm, respectively (p < 0.001; Fig. 2) . Age, BMI, WC, and serum TSH level were significant correlates of baseline EAT thickness in the SCH group (Table 2) . There was a significant positive correlation between baseline serum TSH levels and EAT thickness in the SCH group (Fig. 3) . EAT thickness was positively correlated with LVMI (r = 0.356, p = 0.18). However, we found no correlation between EAT thickness with ejection fraction (r = 0.005, p = 0.974) and diastolic dysfunction (p = 0.197). (Table 3) .
L-thyroxine was administered in cases of SCH for three months and differences in serum TSH, fT4, and fT3 levels following treatment were assessed. A decrease was observed in serum TSH levels and this was statistically significant (p = 0.04) compared with pre-treated values. After levothyroxine treatment all serum TSH, fT4, and fT3 levels were within the reference values in the SCH group.
There was a significant reduction in mean EAT thickness in response to restoration of the euthyroid status with L-thyroxine treatment according to the Wilcoxon signed ranks test (6.3 ± 1.7 mm vs. 5.1 ± 1.4 mm, p < 0.001). Baseline and post-treatment serum TSH, fT3, fT4 levels, and EAT thickness in the SCH group are given in Table 4 . Following three months of L-thyroxine an increase of EAT thickness was observed in one (2.3%) patient. In five (11.4%) patients EAT thickness did not change.
The decrease in EAT thickness after L-thyroxine treatment as compared to baseline (DEAT) displayed a significant and positive correlation with the difference in serum TSH level before and after treatment (DTSH; r = 0.323, p = 0.032).
Despite the significant reduction achieved with L-thyroxine treatment, post-treatment EAT thickness in the SCH group remained significantly higher than that of the euthyroid control group (5.1 ± 1.4 mm vs. 4.1 ± 0.9 mm, p < 0.001).
The median value for EAT thickness was 6.0 mm in the SCH group. ROC analysis revealed the optimal cut-off value for serum TSH level to predict an EAT thickness greater than 6.0 mm as 6.51 µlU/mL. A serum TSH level above this cut-off value predicts a greater than median EAT thickness with a sensitivity of 68% and a specificity of 64% (AUC: 0.670, 0.508-0.833, p = 0.043).
There was a significant decrease in BMI from pre-treatment mean levels of 27.1 ± 4.8 kg/m 2 to 26.8 ± 4.6 kg/m 2 (p = 0.01). There was a mild increase in ejection fraction from mean pre-treatment levels of 64.9 ± 2.1% to 65 ± 1.9%. However, it was not statistically significant (p = 0.573). LVMI did not change statistically significantly (p = 0.163).
DISCUSSION
Subclinical hypothyroidism is a relatively common condition affecting 3% to 18% of the adult population. SCH is frequently a laboratory diagnosis since the majority of patients are asymptomatic, and the condition is often diagnosed incidentally. Nevertheless, it has been previously reported that SCH is related to various cardiovascular conditions, including cardiac diastolic dysfunction [3] , endothelial dysfunction [4] , increased carotid intima-media thickness [5] , CAD, and CAD related death [6] .
Epicardial adipose tissue thickness has gained widespread acceptance as a non-invasive surrogate of atherosclerotic cardiovascular disease. Increased EAT is independently related to the presence and angiographic severity of CAD [8] , a well as MACE [10] . Inflammatory infiltrations have been found in EAT in the areas near coronary lesions. Perivascular adipose tissue (PVAT) was previously evaluated in some studies. PVAT thickness surrounding the left anterior descending artery positively correlated to vessel stenosis [20] . The proinflammatory potential of PVAT has been previously stated [21] . Mazurek et al. [22] hypothesised that a higher level of local inflammatory burden in PVAT may lead to necrotic core formation and may result in plaque destabilisation. Kırış et al. [23] found that EAT thickness and LVMI were significantly higher in patients with ventricular premature beat (VPB) than in controls. VPBs can lead to some adverse cardiovascular effects [24] . EAT thickness may be a new mechanism to explain the pathogenesis of VPBs.
The findings of our study demonstrated that echocardiographic EAT thickness is increased in patients with SCH when compared to healthy euthyroid subjects. This observation is in line with the majority of previous studies of EAT thickness in SCH [10] [11] [12] [13] . These data suggest that increased EAT thickness in SCH is not just an observational coincidence, but mostly related the effects of thyroid hormones on the heart and adipose tissue [11] [12] [13] . An important discriminating aspect of our study is that the baseline EAT thickness is numerically greater than those observed in the previous studies. We speculate that our relatively older, predominantly male patient population may be an explanation for this discrepancy. Relatively advanced age may have brought about longer duration of SCH, and thus may have allowed more time for the thickening effect on the EAT to occur. Nevertheless, this is merely a speculation and this issue needs to be elucidated with further studies of EAT in SCH.
We demonstrated a significant positive correlation between baseline EAT thickness and baseline serum TSH levels, suggesting a direct causal relationship between SCH and EAT thickening. In particular, a serum TSH level greater than the cut-off value of 6.51 µlU/mL seems to predict a relatively thick (i.e. above the median thickness) EAT. This cut-off value is in line with the literature, as the risk of cardiovascular events is not increased in SCH subjects with a TSH level below 7.0 µlU/mL [6] , a level that is quite close to the cut-off value that we have found. Considering that EAT is a marker and/or mediator of cardiovascular risk, it seems logical that the cut-off value for TSH that predicts a relatively thicker EAT is close to the one that predicts increased cardiovascular risk in SCH.
We also demonstrated that thickening of the EAT can be alleviated by restoration of the euthyroid status with THRT. We aimed to eliminate a possible confounding effect by excluding patients on statins or any other lipid-lowering treatment because statin treatment has been reported to induce regression of the EAT, regardless of the low-density lipoprotein-cholesterol lowering effect [25] . The reduction in EAT thickness (DEAT) achieved with THRT correlated significantly with the decrease in serum TSH levels (DTSH). We interpret this observation as further proof supporting our hypothesis that SCH per se causes thickening of the EAT and thus restoration of the euthyroid status has a direct effect in reversal of EAT thickening.
In line with our findings, a recent study showed that L-thyroxine treatment can decrease EAT thickness in patients with SCH: In their study, Yazıcı et al. [15] demonstrated that EAT thickness is greater in patients with SCH when compared to euthyroid controls. Restoration of the euthyroid status with L-thyroxine treatment resulted in a significant reduction in EAT thickness in their patient group.
Our findings confirm those of Yazıcı et al. [15] ; however, there are some important differences with respect to the patient populations. While the vast majority of the patient population of Yazıcı et al. [15] were female (42 female patients and one male patient), our patient population were predominantly male (12 female patients and 32 male patients). Moreover, our patient population tended to be older when compared to that of Yazıcı et al. [15] (mean age 41.2 ± 15.9 years vs. 35.2 ± 10.7 years, respectively). Baseline EAT thickness in our patient group was almost twice as great compared to that of Yazıcı et al. [15] (6.3 ± 1.7 mm vs. 3.2 ± 0.7 mm, respectively). Thus, we have demonstrated that restoration of the euthyroid status with THRT reduces EAT thickness in older, predominantly male SCH patients with greater baseline EAT thickness, as well.
Despite the significant reduction achieved with THRT, EAT thickness remained significantly higher in the SCH group when compared to that of the euthyroid controls. This observation may be attributed to the greater baseline EAT thickness of our study population. It may also be speculated that a longer follow-up period might have allowed complete normalisation of EAT thickness in SCH patients in response to THRT.
Limitations of the study
The most important limitation of this study is the relatively small sample size. The studied group consisted predominantly of men. The absence of a placebo group and lack of randomisation may have impact on the validity of our results due to possible investigator bias in analysing the results. Measurement of EAT thickness was performed by echocardiography. Although assessment of EAT volume by computed tomography is a more precise method, measurement of EAT thickness by transthoracic echocardiography is less costly and is a widely accepted method in the literature. However, computed tomography is not applicable for routine clinical use because of radiation. In addition, the short follow-up period is considered another limitation of the study.
CONCLUSIONS
Epicardial adipose tissue thickness, a novel surrogate of cardiovascular risk, is increased in patients with SCH. We have demonstrated that restoration of the euthyroid status with THRT decreases EAT thickness in SCH, and in addition to previous reports, this benefit seems to extend to older, predominantly male subjects with greater baseline EAT thickness. According to our findings, all SCH patients can be treated with THRT to reduce MACE. We propose that our findings warrant further research with longer follow-up, particularly in order to elucidate whether this reduction in EAT thickness with THRT translates into cardiovascular risk reduction in patients with SCH.
